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ABSTRACT 


Measurements were made of the free dielectric constant and the dielectric 
loss tangent of piezoelectric polyvinylidene, fluoride (PVDF) at frequencies 
between 1 kHz and 5 MHz and temperatures between -28°C and +51°C. Samples of 
nonvoided and voided PVDF were tested. The dielectric constant increases with . 
increasing temperature and/or decreasing frequency, ranging from about 3 to 11 
for the voided material and from about 4 to 14 for the nonvoided material. 

The dielectric loss tangent (dissipation factor) ranged from about 0.02 at low 
frequencies and high temperatures to about 0.3 at high frequencies and high 
temperatures. The voided material was not as lossy as the nonvoided material, 
‘with maximum values ~ 0.2 for the voided material and 0.3 for the nonvoided 
material. A slight temperature aging effect was observed; an increase of a 
few percent in dielectric constant resulted from cycling the samples to 51 C. 
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I. INTRODUCTION 


Piezoelectric polyvinylidene fluoride (PVDF) is a useful hydrophone- 
element material because of its shock resistance, low density, and low 
mechanical impedance.1,2 However, the capacitance is about 100 times less 
than that of piezoelectric ceramics, so that capacitive coupling loss is more 
likely to be a problem with PVDF hydrophone designs than with conventional 
lead zirconate-titanate (PZT) hydrophones. Furthermore, PVDF is a much 
lossier material than PZT,3-5 a fact which appears to preclude its use in 
underwater projectors.6 The dielectric constant and dissipation factor of 
PVDF have been measured at room temperature by Pennwalt workers’ to about 
400 kHz. Callerame, Tancrell and Wilson,3 interested in medical ultrasonic 
applications, extended the frequency range to 20 MHz. Further extension to 
100 MHz was provided by Leung and Yung4 and by Chen.> All of these 
measurements were made on nonvoided material at room temperature. Because of 
the importance of the temperature dependence, we decided to measure the 
dielectric constant and dissipation factor as a function of temperature as 
well as frequency. The advent of thick-film, voided PVDF8 made it desirable 
to perform the same measurements on the newer material as well. 


II. EXPERIMENT 


Two samples of PVDF were tested: 1) a nonvoided 2.5 cm x 2.5 cm x 
0.11 mm, nickle-aluminum electroded Kynar® element manufactured by Pennwalt 
Corporation,? and 2) a voided 6.3 cm x 6.3 cm x 0.64 mm element, serial 
number AC 47/3, manufactured by Thorn EMI, Limited.8 The voided element had 
electroplated copper electrodes. The sample under test was held by a 
specially-made alligator clip making separate electrical contact with each 
electrode. A 3-ft length of RG-58C/U cable passing through a cloth insulator 
served as the electrical feedthrough into the temperature—control led 
environment. The latter was provided by a Tenney Junior oven/refrigerator 
unit. All impedance measurements were made with a Hewlett-Packard 4192A 
low-frequency impedance analyzer with a 16095A probe fixture operated in a 
single-ended mode. 


.The impedance of the connecting cable was accounted for after measurement 
of. the impedances, Zg¢ and Zoc, with the alligator clip contacts 
short-circuited and open-circuited, respectively. If the cable is assumed to 
behave as a uniform transmission line, the element impedance, Z, can be 
calculated from the measured impedance, Zjn (with element and cable in 
place), as follows: 


Z = Loc (Zin - Zsc)/ (Zoe - Zin) (1) 
The element capacitance is then 
C = Im(Z-1)/2zf, (2) 
where f is the frequency. The dissipation factor is 


D = Re(Z-1)/Im(Z-1) = -Re(Z)/Im(Z). (3) 


T™ No. 841072 


The (free) dielectric constant, £53/€ was determined from the capacitance, C, as 


£43/€9 = C/Cy = CtlegA ' (4) 


where Cg is the capacitance of an air gap dimensionally equal to the element 
size, eg is the permittivity of free space, 8.85pF/m, t is the element 
thickness and A the element area. Cy was 50.3pF for the nonvoided element 
and 54.9pF for the voided one. 


The samples were subjected to the temperature history depicted in 
Figure 1. The material was considered to be "virgin" during the first 22°C to 
31°C to -27°C cycle, but a rise in capacitance of .several percent was noted 
after cycling (and holding for about 2 hrs) to 51°C and so data obtained after 
that point are for “aged" material. 


IfI. RESULTS 


The element capacitances are given in Table I. After division by Co 
(see Eq. 4), the dielectric constants of Table II and Figures 2-5 were 
obtained. It can be seen that the dielectric constant decreases monotonically 
with increasing frequency and with decreasing temperature. In fact, over the 
range of frequencies and temperatures in this study, the dielectic constant 
changed by a factor of more than three. The dielectric constant of the 
nonvoided material was generally higher than that of the voided material. 


The dielectric loss tangents are given in Table III and Figures 6-9. 
There is a broad maximum in the loss tangent which shifts upward in frequency 
as the temperature is raised. At low temperatures, the voided material 
exhibited a sharp peak in loss factor at about 1 MHz. (It should be noted 
that since most of the measurements were made in a 1-2-5 frequency sequence, 
there is a possibility that other sharp peaks of this type existed but escaped 
unnoticed between the large frequency steps.) A similar "resonance" has been 
observed by workers at Thorn EMI. 


IV. DISCUSSION 


. The dielectric constant and dissipation factor curves of Figures 2-9 have 
the general shape of a dielectric relaxation process. However, each of these 
curves changes too slowly with frequency to be described by a single 
relaxation time, i.e., a multiplicity of relaxation times must be involved. 
Another way of seeing this result is that since the relaxation time, 1, of a 
conductive dielectric is given byl07= c/o, where o is the electrical 
conductivity, and since we can express the conductivity, o, as 2nfeD, then the 
relaxation time, +, would be given by (2xfD)-1, In other words, to be 
describable by a single (constant) relaxation time, +, the dissipation factor, 
D, would have to be inversely proportional to frequency. This is clearly not 
the case, as can be seen in Figures 6-9. 
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V. CONCLUSIONS 


The free dielectric constant of nonvoided PVDF ranges from about 4 to 14 
over the -28 C to 51 C temperature range and.1 kHz to 5 MHz frequency range, 
with a value of approximately 12 at 1kHz and room temperature. (This compares 
reasonably well with literature values./»l1) The voided material has a 
lower dielectric constant, ranging from about 3 to 11 over the temperature and 
frequency ranges considered here. 


The voided material is not as lossy as the nonvoided material. The 
maximum dissipation factor was about 0.2 for the voided material and 0.3 for 
the nonvoided sample. At room temperature and 1 kHz, the dissipation factor 
was about 0.012 for each material. 


After cycling to 51°C, the dielectric constant was elevated a few 
percent, but the dissipation factor was essentially unchanged. 
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Table I. _Capaeitance, C, of PVDF elements (picofarads). 
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Table II. Dielectric constant, £43/€0 ‘of PVDF elements. 
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Table, III. Dissipation.factor, D, of PVDF elements. . 
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Figure 1. Temperature history of PVDF samples. 
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